Equations, based on 23 different gasolines, have been developed for calculating the wat er tolerance of any mixture of gasoline with ethyl alcohol from criticalsolution-t emperature measurements on a few mixtures with the particular gasoline. Conversely, it is also possible to compute critical solution temperatures of mixtures of known composition. The average deviation between observed and calculated critical solut ion t emperatures of the 23 gasolines studied was 1.4° C and the corresponding average difference between obser ved and calculated water tolerances was 0.005 percent of the total mixture.
One of the major problems in connection with the use of mixtures of gasoline and ethyl alcohol as motor fuels involves the small water tolerances of such fuels without separation into two layers. In previous papers,! data were presented on the critical solution temperatures of mixtures, in various proportions, of 23 different gasolines with ethyl alcohol containing various percentages of water. From these data, it is easily possible to obtain the water tolerance of any of these gasolines at any given temperature within the range investigated. Analysis of the water-tolerance values indicated certain similarities in the trend of water tolerance with composition of the mixtures when comparing the results with different ~asolines. This suggested the possibility of deriving a general empirIcal equation for the water tolerance of mixtures of gasoline and ethyl alcohol, and of assigning to any gasoline a characteristic constant which would be indicative of the water tolerance of all mixtures of this gasoline with ethyl alcohol. The derivation of such an equation and the evaluation of the characteristic constants for the various gasolines are outlined in the present paper. [Vol. 10 of gasoline and ethyl alcohol investigated. This was accomplished simply by multiplying the volume percentage of water at 60° F in the aqueous alcohol solution employed by the volume percentage of aqueous alcohol solution at 60° F in the mixture with gasoline. The resulting value, expressed as percentage of the total mixture, was designated as the water tolerance of the mixture at the critical solution temperature. On plotting the logarithm of the water tolerance against the reciprocal of the critical solution temperature (absolute) for any given percentage of anyone of the gasolines mixed with ethyl alcohol, it was found that a straight line could be put through the plotted points within experimental error. Accordingly, log S=a-bjT where
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S=volume percentage water in mixture at 60° F, T=temperature in degrees centigrade absolute, and a and b=constants characteristic of the percentage of gasoline in the mixture and of the particular gasoline employed.
Examples of the linearity of the data are shown in figure 1 for four different percentages of gasoline 2 in mixtures with ethyl alcohol. Equations of the type of eq 1 were used to evaluate the parameters a and b for all of the mixtures studied. For any constant percentage P of gasoline in the mixture, it was observed that a plot of all of the b values against the corresponding a values gave a single straight line for all of the gasolines. Different lines were obtained for each value of P, although the slopes were equal within experimental error. Therefore a=m+nb
where
Water Tolerance$ oj Gasoline Mixtures m=jl(P) and n=I/410.
Thus eq 2 becomes a--'il(P)+b/410
It was found thatjl(P) could be represented by eq 4, jl(P)=-1.177+1.273 log (IOO-P)
where P is the volume percentage of gasoline in the mixture. Combining eq I and 3 to eliminate a, there results (5) In this equation, b depends upon the value of P as well as upon the characteristics of the particular gasoline being considered. The next step in the analysis, therefore, is to evaluate b as a function of P. It was observed that when the values of b for all of the gasolines at any given value of P were plotted against the values of b for P=50, a straight line was obtained. Thus (6) Journal oj Research oj the National Bureau oj Standards [Vol.to Different lines were obtained for each value of P, so that the parameters c and d are both functions of P. Since b50 is a constant for each gasoline, it may be designated by the symbol K and called the characteristic constant as regards water tolerance in mixtures with ethyl alcohol. Accordingly, eq 6 may be written
It was found that the c and d values could be represented satisfactorily by means of the following equations:
c=.MP)=-188.3+7.64P-0.119p2+0.00083P3, and (8) d=ja(P) = 1.004-1.8XlO-4 (P-55)2
Combining eq 5 and 7, there results
wherejl(P),j2(P) andj3(P) are given, respectively, by eq 4,8, and 9. This equation shows the relation between water tolerance, temperature, and percentage of gasoline in mixtures of gasoline with ethyl alcohol and represents the data obtained on the 23 gasolines, when the appropriate value of K for each gasoline is substituted. Numerical values of the functions of P are given in table 1 for several values of P. It follows from eq 10 that a single measurement of the critical solution temperature of a mixture of known composition is sufficient in principle for determining the value of the characteristic constant K for each gasoline. Accordingly, each observation on the 23 gasolines can be used to compute a value of K and this was done in order to obtain an average value for each of these gasolines. The average values of K together with identification data on the gasolines are shown in table 2. The last column in this table gives the average deviation of individual values of K from the average value of K. It is seen that the values of K vary from 421 to 669, an average commercial gasoline having a value of about 550. As a check on the accuracy of eq 10, all of the critical solution data on each gasoline were computed, using the values of K given in table 2. The agreement between the observed and computed values is illustrated in figures 3 and 4 for gasolines 1 and 2, respectively. A sum- mary of the deviations for all of the gasolines is given in table 3. The grand average deviation is 1.4° 0 (2.6° F). The deviations are given on a temperature basis, since this greatly magnifies the differences between observed and computed values, for an extremely small difference in water tolerance may correspond to several degrees difference in critical solution tempera,ture. On the average, a temperature deviation of 1.4° C corresponds to a deviation of approximately 0.005 percent in water content and to a difference of about 10 units in the value of K. 
The major interest at present is in 5-and 10-percent alcohol mixtures (P=95 and 90), and for these mixtures 10 becomes
Considering an average gasoline for which K=550, and simplifying, there results (12) Graphical representation of eq 12 is shown in figure 5 . It is seen that the water tolerance for a 5-percent alcohol mixture is less than half the water tolerance for a 10-percent alcohol mixture. The data on which eq 10 is based cover the range of values of P from 10 to 90, so that the calculation for P = 95 is an extrapolation from the observed data. However, since these calculations were made some additional data on three gasolines included measurements at P=95 and indicated that the equation is applicable to this percentage.
III. SUMMARY
An analysis of data previously presented, on the solubility of water in mixtures of ethyl alcohol with 23 different gasolines, indicat ed that it was possible to correlate the results by means of a general empirical equation. This equation contains one constant characteristic of the particular gasoline under consideration, and values of the characteristic constants for the 23 gasolines are given. Evidence is presented regarding the agreement of the equation with the observed data, the difference between the observed and computed critical solution temperatures being 1.4° C, and the difference between the observed and computed water tolerances being about 0.005 percent of the total mixture. Since the characteristic constant may be evaluated from a few solubility experiments with any particular gasoline, the equation can be used with confidence to compute the water tolerances at other temperatures or with other mixtures.
